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THE EFFECT OF SMOKING TOBACCO 


ON THE CARDIOVASCULAR SYSTEM 


PERIPHERAL BLOOD VESSELS 
The existence of vasoconstriction of the peripheral 


blood vessels may be determined by a decrease of 


the cutaneous temperatures of the extremities or by 
a decrease of the velocity of blood flow of the periph- 
eral vessels of the extremities as measured by the 
plethysmograph. Definite vasoconstriction of the 
peripheral blood vessels as evidenced by a decrease 
of the cutaneous temperatures of the extremities 
has been reported to result from the smoking of 
tobacco by Maddock and Coller,* Barker,* Wright 
and Moffat,” Johnson and Short,” Lampson,” and 
Moyer and Maddock.” With the exception of Shul- 
man and Mulinos” investigators generally have re- 
ported that smoking of tobacco causes a decrease of 
peripheral blood flow, as measured by the plethys- 
mograph. Shulman and Mullinos” attributed the de- 
crease in blood flow to deep breathing. Similarly 
Smithwick™ reported that blood flow through the 
fingers was decreased by immersion of the contra- 
lateral hand in cold water, by a loud noise or even 
by an unpleasant thought. On the other hand, 
Weatherby” found that altered respiratory move- 
ments associated with smoking were of relatively 
little importance in bringing about the fall of cu- 
taneous temperature of the extremities. However, 
it was necessary to avoid other physiologic an 
psychic stimuli. 

‘o determine whether the mechanical act of smok- 
ing was a factor in the production of vasoconstric- 
tion of the peripheral blood vessels, study of persons 
puffing on an unlighted cigaret, paper tube or 
empty pipe and smoking nicotine-free cigarets was 
carried out by Maddock and Coller,” Wright and 
Moffat,” Moyer and Maddock,” Weatherby,” Evans 
and Stewart,* and Roth, McDonald and Sheard.” 
Negligible changes in the skin temperature, blood 
pressure and pulse rate occurred. At this point a 
word might be said about English filter holders. 
Moyer and Maddock” and Roth, McDonald and 
Sheard’ have shown that the filtering process of 
these holders is not adequate to prevent lowering of 
the cutaneous temperatures of the extremities and 
Segal® pointed out that lowering of the T waves 
electrocardiographically was. not prevented. 

Barker® in 1933 presented evidence that the effect 
of smoking on the peripheral blood vessels was due 
to the absorbed portion of the tobacco smoke and 
not to the cigaret paper. Roth, McDonald and 
Sheard” confirmed this observation in 1944. 


TOXIC SUBSTANCES IN. TOBACCO SMOKE 
AND EFFECTS PRODUCED UNDER 
VARYING CONDITIONS 


Other investigators have shown that the sub- 
stances contained in tobacco smoke absorbed by the 
body are pyridine bases, carbon monoxide and nico- 
tine. The pyridine compounds are irritating to the 
mucous surface but for the most part the amounts 
oe are too small to be of any physiologic 
interes 


PART I 


_ Baumberger™ studied the effect of carbon monoxide 
in the tobacco smoke and felt that it was extremely 
unlikely that the carbon monoxide of tobacco smoke 
was injurious to any but the most inveterate smokers, 
Other investigators have found that the average 
saturation of carbon monoxide in the blood of 
smokers who inhaled was about 5 per cent in con- 
trast to the 20 per cent saturation necessary to 
cause disagreeable symptoms among normal per- 
sons. However, Barach, Eckman and Molomut” called 
attention to the fact that pilots in whom the hemo- 
globin of the blood has a carbon monoxide satura- 
tion of from 5 to 10 per cent as a result of smoking 
may aggravate the oxygen want in the tissues when 
flying at an altitude of 10,000 to 12,000 feet without 
oxygen. 

ver since nicotine was isolated in 1828, it has 
been regarded as the most toxic substance in tobacco 
smoke. Traube® first studied the effect of nicotine 
on the dog’s heart and found that there was first a 
slowing or even a temporary arrest followed by 
tachycardia with reinforced contractions. In 1938 
Thienes and Butt® demonstrated greater vascular 
degeneration in their control animals than in their 
animals chronically poisoned with nicotine. Because 
of insufficient control studies they felt that much 
of the previous experimental and clinical data con- 
cerned with vascular degeneration due to chronic 
nicotine poisoning was of doubtful value. 

To determine whether nicotine or tobacco pro- 
duced vasoconstriction of the coronary arteries, 
Laubry, Walser and Deglaude® measured the coron- 
ary flow in isolated rabbit hearts and found that 
nicotine in small amounts actually increases the 
coronary flow and that toxic doses were necessary 
to produce vasoconstriction. Likewise, Mansfeld 
and Hecht" introduced tobacco smoke into the lun 
of the heart-lung preparation of dogs and found only 
coronary dilatation and increased cardiac output. 

Haag* demonstrated in animals that rises of blood 

ressure which were produced by intravenous in- 
jections of smoke solutions were proportional to 
the nicotine content of the solution. 

Moyer and Maddock” and others have pointed out 
that the form in which the tobacco is smoked also 
determines the amount of nicotine available for 
absorption; the largest amount per unit of weight 
is obtained from cigars and pipes and the smallest 
from cigarets. This result is due to the more nearly 
complete combustion of the nicotine in the cigaret. 
Also, the drier the tobacco smoked, the better the 
combustion and the smaller the nicotine content of 
the smoke. Baumberger® has estimated that approxi- 
mately 2.52 mg. of nicotine is assimilated by a non- 
inhaler and 3.33 mg. by an inhaler when one cigaret 
is smoked. Recently Haag and Larson“ have carried 
out studies on a new “low nicotine” tobacco which 
when it is smoked produced much less pronounced 
effects on blood pressure and pulse rate than that 
produced by ordinary cigaret tobacco. 

Maddock and Coller* and Moyer and Maddock” 
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resented evidence that the vasoconstriction pro- 
uced by smoking cigarets of standard brands was 
analogous to that produced by the intravenous in- 
jection of as much nicotine as was contained in the 
cigaret smoked. Furthermore, they as well as 
Wright* and others noted that smoking cigarets 
which did not contain nicotine produced no appre- 
ciable effects on the cutaneous temperature of the 
extremities. Johnston* in England added support to 
the nicotine theory in that he assumed that smoking 
of tobacco is essentially a means of administering 
nicotine. He felt that smokers showed the same 
attitude toward tobacco as addicts did to a par- 
ticular drug. He gave nicotine both hypodermically 
and intravenously and derived the same response 
as from the inhalation of tobacco smoke. : 
Weatherby” in 1942 found that vasoconstriction 
took place after smoking standard brands of cigarets 
but when denicotinized cigarets were smoked the 
vasoconstriction was abolished almost completely. 
Restoration of the original nicotine content to such 
cigarets restored the original effects. This observa- 
tion indicates that nicotine is the most important 
agent which contributed to the circulatory and cutan- 
eous changes. 
In contrast, Evans and Stewart found a similar 
decrease in peripheral blood flow with reduction of 
the cutaneous temperatures of the extremities as a 
result of smoking standard brands of cigarets, de- 
nicotinized cigarets or cigarets containing no nico- 
tine (cornsilk). They attributed these changes to 
the sympathetic stimulation which was brought 
about by the irritating effect of smoke on the 
respiratory tract and not to the nicotine content 
of the cigarets. ; 7 
Goetz concluded from his studies that smoking 
causes a diminution in the peripheral blood flow 
which is brought about in a two fold manner: first 
by reflex stimulation arising from the irritating 
effect of smoke on the respiratory tract and lung 
and later by the pharmacologic action of nicotine 
absorbed and accumulated during smoking. _ 
McDonald, Sheard and I confirmed the earlier ob- 
servations of Maddock and Coller™* and Moyer and 
Maddock” in regard to the peripheral vasoconstric- 
tion produced by both smoking of cigarets and by 
intravenous injection of a similar amount of nico- 
tine. In addition we compared for the first time the 
effect of smoking a standard brand of cigarets and 
the intravenous injection of a similar amount of 
nicotine on the electrocardiographic tracings of nor- 
mal subjects and found them strikingly similar. Even 
habitual smokers demonstrated physiologic changes 
to smoking of tobacco. 


SUMMARY 


From the foregoing evidence a tentative summary 
of the effect of smoking of tobacco on the cardio- 
vascular system may be made as follows: in some 
persons smoking of tobacco “haere pain somewhat 
similar to angina pectoris; there is some suggestion 
that in many such persons smoking produces a rise 
in blood pressure preceding the onset of the pain; 
the pain produced by smoking can be distinguished 
from angina pectoris by its greater violence and a 
longer duration, by a lack of relation to exercise, its 
occurrence at rest and by the absence of faciai 
blanching or changes in pulse rate during the attack. 

Numerous investigators have demonstrated elec- 
trocardiographic changes following smoking of to- 
bacco. These include tachycardia, arrhythmia, in- 
creased heart rate, lowering or inversion of the T 
waves and in one case sino-auricular block. In ad- 
dition, an associated rise in blood pressure is present. 
Recent evidence points to increased work of the heart 
as a possible cause of these changes but the effects 


of stimulation of the sympathetic nerves or para- 
lysis of the parasympathetic nerves cannot be ex- 
cluded. In some of the cases in which electrocardio- 
graphic changes were found, long cessation of smok- 
ing resulted in reversion of the electrocardiogram 
to a normal pattern. While coronary vasoconstric- 
tion has been suggested as a possible cause of angina 
pectoris, some evidence is available to show that 
small amounts of tobacco or nicotine actually in- 
creased the coronary flow and that toxic doses are 
necessary to produce vasoconstriction in the isolated 
hearts of rabbits. 

The evidence of most investigators points to vaso- 
constriction of the peripheral blood vessels as a result 
of smoking of tobacco. Even habitual smokers who 
presumably have a tolerance to tobacco showed this 
effect. Apparently the vasoconstriction of the peri- 
pheral blood vessels produced by smoking cigarets 
is analogous to that produced by a similar amount 
of nicotine injected intravenously. 

Finally, the smoking of tobacco is most likely only 
a contributory factor in the production of cardio- 
vascular disorders and not an etiologic one. Although 
considerable evidence at present points to nicotine 
as the most likely factor in the production of certain 
functional changes in the cardiovascuar system,: 
further proof will be necessary before this possibility 


can be accepted. 
Grace M. Roth, Ph.D. 
Rochester, Minn. 
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